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1. 


SUMMARY  AND  CONCLUSIONS 


On  January  21,  1980,  at  10:00  p.m.  local  time  during  a  routine  pass, 
the  downlink  telemetry  carrier  for  Flight  14  (Satellite  9444)  could  not  be 
located.  The  downlink  was  commanded  off  and  on  with  no  response.  Conn and 
to  coherent  operation  also  produced  no  response.  It.  was  assumed  that 
transmitter  No.  1  (or  its  power  converter),  which  was  operating  normally 
20.5  hours  earlier,  had  failed.  At  11:00  p.m.  local  time,  January  21,  (the 
next  pass),  the  redundant  transmitter  was  corrmanded  on  and  is  now  operating 
normal  1 v. 

The  satellite  was  launched  November  21,  1979,  and  was  in  transit 
toward  5°W  longitude  (East  Atlantic  Ocean).  No  unusual  telemetry,  tracking 
arid  command  subsystem  conditions  or  other  satellite  anomalies  were  noted 
during  the  two  months  of  orbital  operation. 

An  orbital  anomaly  investigation  team  was  formed  to: 

o  Determine  possible  failure  causes 

p  Investigate  unit  and  part,  test  histories 

o  Examine  telemetry  and  test,  correlations  which 
might,  give  clues  to  the  cause  of  failure 

o  Compare  with  similar  failures  on  Flight.  4  and  the 
Defense  Space  Program  (DSP). 

After  an  exhaustive  analysis  and  investigation,  no  definitive  cause  of 
failure  could  be  found.  Transmitter  ground  test  history  and  orbital  per¬ 
formance  were  normal  prior  to  the  failure.  Possibly  a  random  electronic 
part,  failure,  such  as  an  open  or  short  in  a  diode1  or  transistor,  caused  the 
failure;  however,  there  is  no  evidence  for  suspecting  any  particular  part.. 
Other  possibilities  include  an  open  circuit  in  a  connector,  wiring  or 
printed  circuit,  board  trace,  but  it  is  unlikely  these  would  have  escaped 
detection  during  ground  testing.  No  val  ■  *  reason  to  susweet  any  specific 
failure  mode1  is  evident  from  the  information  available. 
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2.  BACKGROUND 

2.1  TELEMETRY,  TRACKING  AND  COMMAND  SUBSYSTEM 

The  telemetry,  tracking  and  command  { TTAC )  subsystem  performs  the 
primary  functions  of  radiating  an  RE  carrier  required  for  angle  tracking 
and  range  and  range  rate  determination  of  the  satellite  telemetry  of 
measurements  required  for  mission  operations,  and  command  of  the  various 
satellite  subsystem  modes  of  operation.  Other  functions  include  telemetry 
of  measurements  of  subsystem  parameters  for  engineering  evaluation  of 
satellite  performance,  telemetry  of  data  which  is  useful  in  diagnosis  of 
failure  and/or  data  which  simplifies  satellite  control  facility  (SCF) 
record  keeping.  A  block  diagram  of  the  TT&C  subsystem  is  shown  in 
Figure  2-1. 

2.2  TELEMETRY  SUBSYSTEM 

The  downlink  transmission  path  through  the  TT&C  subsystem  begins  with 
the  individual  sensing  element  which  is  connected  to  the  pulse  code  modu¬ 
lation  (PCM)  encoder  and/or  multiplexer.  The  encoder  accepts  all  telemetry 
data  (analog,  hi-level  and  digital)  from  the  spinning  section,  whereas  the 
multiplexer  (located  on  the  despun  platform)  receives  all  data  from  the 
despun  platform.  The  serial  data  stream  from  the  multiplexer  is  routed 
through  the  slip  ring  assembly  to  the  PCM  encoder.  The  encoder  and  multi¬ 
plexer  operate  in  synchronism  to  encode  and  format,  all  inputs  into  one  PCM 
bit  stream.  Normally,  the  r<  ulting  digital  data  output,  at.  2 BO  bits  per 
second  is  routed  to  the  em.ryptor  for  encryption.  An  enoryptcr  bypass  is 
provided,  upon  command,  which  will  route  the  data  directly  from  the  encoder 
to  the  baseband  assembly.  The  PCM  data  stream  fed  to  the  baseband  assem¬ 
bly,  either  from  the  encrypter  or  encoder,  is  phase  modulated  on  a 
1.024  MHz  subcarrier  and  combined  with  a  ranging  code  into  a  composite 
output  signal.  This  composite  telemetry  signal  is  then  routed  to  the 
transmitter  where  it  modulates  the  phase  of  the  RF  carrier.  A  spacecraft 
component  layout,  showing  the  location  of  the  telemetry  transmitter  is 
shown  in  figure  2-2. 
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Subsystem  Block  Diagram 
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2.3  TRANSMITTER  INTEGRATION  AMD  TEST  (1ST)  HISTORY 


At.  tho  time  of  failure,  the  satellite  was  operating  with  telemetry 
transmitter  No.  I  (the  A  side  of  the  redundant  transmitter  assembly);  part 
number  256164-3,  serial  number  3-26.  This  unit  was  originally  integrated 
onto  satellite  F - 1 1  and  was  on  board  through  the  entire  environmental  test 
series  including  the  post  thermal-vac  integrated  systems  test  (1ST).  At 
this  point,  it  was  noted  that  the  output  power  and  mod  index  had  degraded, 
both  in  the  thermal -vac  chamber  during  Phase  1  testing  and  during  the 
subsequent  1ST,  at  which  time  the  transmitter  was  removed  and  returned  to 
manufacturing.  other  TTAC,  related  units  were  changed  at  this  time  and 
no  further  out-of-spec  conditions  were  experienced  on  the  F-ll  satellite. 

The  unit  was  reworked  by  manufacturing  to  incorporate  stability 
modifications  (ECP  106)  and  retuned.  It  was  then  integrated  into  satellite 
F - 1 4  after  being  subjected  to  the  following  reacceptance  testing: 

a)  Vibration  -  3  axes,  one  minute  per  axis,  to  acceptance 
1 imits  per  EV-2-23C 

b)  Post  vibration  functional  test  per  L'R  12A-01 

c)  Thermal  vacuum  test  per  DR-12A-01,  plus  two  complete 
thermal  cycles  with  soak  time  at  the  high  acceptance 
temperature  and  at  the  low  acceptance  temperature  for 

24  hours  per  exposure  during  each  cycle  (4  day  T-V  test) 

d)  Final  functional  test  per  DR-12A-01. 

No  anomalies  were  observed  during  reacceptance  testing,  subsequent 
integration  testing  or  prelaunch  checkout  at  Cape  Kennedy.  The  results  of 
integration  testing  on  both  F-ll  and  F-14  are  shown  in  Table  2-1.  Trans¬ 
mitter  output  power  versus  calendar  time  are  shown  plotted  in  Figure  2-3 
together  with  least  squares  trend  lines.  Note  the  significant  improvement 
in  output  power  after  retiming.  The  effect  of  temperature  on  output  power 
is  shown  in  Figure  2-4.  There  was  very  little  correlation  on  Flight  11; 
somewhat  more  on  Flight  14,  but  not  enough  to  b  cons  iered  significant. 
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'able  2-1.  I  AT  History  of  Transmit  tor  3-25 


A)  On  r - 1 1 


1  est 

Date 

me 

Bus  1 

Conv 
+  15  V 

Transmi  t.tor 

P  owe  r 

Temp 

Mod  Index 

1ST  1 

4-22-78 

1.26 

15.01 

1 . 000 

81 

1.57 

1ST  2 

5-23-78 

1.25 

15.01 

.983 

87 

1.52 

1ST  3 

6-09-78 

1.28 

15.01 

.964 

88 

1.46 

TV  0  II  F.Q 

6-11-78 

1.30 

15.01 

1.130 

85 

- 

TV  0  II  WS 

6-12-78 

1.29 

14.97 

1.040 

95 

- 

TV  0  I  EQ 

7-7-78 

- 

15.01 

.933 

79 

1.48 

TV  0  I  WS 

7-9-78 

- 

15.01 

,909 

91 

1.48 

1ST  4 

7-19-78 

1.30 

15.01 

,739* 

91 

1.46 

sr;  ■ 

Spec  limit  .800  W  minimum.  Unit,  removed  for  modification  and 
retuni ng . 


B)  On  F - 14 


me 

Conv 

Transmi tter 

T  est 

Date 

Bus  I 

+_15_  V 

Power 

T  tmp 

Mod  Index 

1ST  1 

2-19-79 

1.30 

15.02 

1.56 

85 

1.60 

1ST  2 

3-17-79 

1.31 

15.02 

1.43 

90 

1.60 

1ST  3 

3-24-79 

1.31 

15.02 

1.41 

93 

]  .60 

TV  0  1 

3-28-79 

- 

15.02 

1.72 

82 

1.57 

1ST  4 

4-01-79 

1.30 

15.02 

1.46 

94 

1.57 

TV  0  2 

4-04-79 

1.29 

15.02 

1.67 

85 

- 

HAT  1 

7-17-79 

1.28 

15.02 

1.42 

92 

1.58 

HAT  IP. 

8-23-79 

1.20 

15.02 

1.44 

94 

i .  60 

HAT  ETR 

10-02-79 

1.28 

15.02 

1.38 

91 

1.56 

OSF 

11-02-79 

1.28 

15.03 

1.53  \  * 

79 

AOSF 

11-18-79 

1.28 

15.02 

i.58  ; 

82 

Measured 

via  omni  antenna. 

Prev ious 

measurements 

made  via 

AGE 

hardline  interface. 
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RANSMITTER  TEMPERATURE,  °F 


?.4  TRANSMITTER  OPIUTAL  PERFORMANCE 


During  its  two  months  of  orbital  operation,  transmitter  3-25  performed 
normally.  A  graph  of  serveral  operating  parameters  is  shown  in  Figure  2-5. 
Converter  output  voltage  was  steady  at  15.06  V.  Transmitter  output  power 
increased  slightly  during  the  first  +'ew  days  of  operation  and  became  steady 
at  1.05  W,  a  nominal  value.  Transmitter  internal  temperature  increased 
initially  when  the  transmitter  was  turned-on,  then  stabilized  at  a  normal 
value,  varying  by  only  2  to  3  degrees.  TT&C  bus  current  also  was  steady 
and  normal.  Thus,  there  was  no  evidence  of  degradation  or  anomalous 
behavior  of  the  transmitter  prior  to  the  failure. 
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3.  FAILURE  ANALYSIS 


3.1  POSSIBLE  FAILURE  CAUSES 

Two  general  categories  of  possible  failure  causes  exist.:  external 
and  internal.  These  are  diagrammed  in  Figure  3-1.  Although  there  is 
iio  evidence  to  suggest  any  particular  external  failure  cause,  they  were 
considered  by  the  anomaly  investigation  team  and  are  shown  here  for 
completeness.  Radiation  and  particle  impact  were  ruled  out  early  as 
failure  causes  because  they  are  remote  and  shielding  is  provided  by  the 
satellite  structure  and  unit  housings.  The  possibility  of  ground  station 
failure  was  eliminated  because  the  loss  signal  from  the  satellite  was 
verified  by  a  second  ground  station. 

Based  on  past  experience  with  electronic  assemblies,  it  is  more  likely 
that  the  failure  cause  is  internal.  Of  these,  the  transmitter  itself,  or 
its  power  converter,  have  the  highest,  likelihood.  Hence,  efforts  of  the 
investigation  team  were  concentrated  in  this  area.  Drift  failure  was  ruled 
out  quickly  because',  as  seen  in  Figure  2-5,  there  was  no  indication  of  drift 
in  any  of  the  transmitter  parameters.  Drift  from  1.05  W  output  power  to 
less  than  0.1  W  would  have  had  to  occur  in  the  20.5  hours  between  telemetry 
sampl es . 

An  interconnection  failure,  such  as  a  broken  wire,  open  printed  cir¬ 
cuit  board  trace  or  improperly  mating  connector,  would  fit  the  observed 
sudden  loss  of  signal;  however,  U  is  highly  unlikely  that  these  would  not 
have  been  detected  during  ground  testing  if  they  existed  prior  to  launch, 
and  are  unlikely  to  occur  while  the  spacecraft,  is  operating  normally  under 
relatively  benign  orbital  conditions.  Fuse  failure  is  unlikely  as  there 
was  no  indication  of  any  unusual  power  consumption  in  the  TT&C  subsystem. 

The  possibility  of  corona,  as  was  observed  during  F - 1 5  thermal-vac  testing, 
was  discussed  but:  considered  unlikely  since  the  transmitter  would  have 
vented  completely  long  before  two  months  in  orbit..  A  diplexer  failure  is 
considered  unlikely  as  this  would  be  reflected  on  the  redundant  downlink. 

Failure  analysis  efforts  were  considerably  hampered  by  the  loss  of 
A-side  telemetry  measurements  when  the  A  transmitter  stopped  transmitting. 
The  number  of  telemetered  parameters  is  small  and  the  frequency  of  tele¬ 
metry  samples  from  t.ho  SCI  precludes  observing  any  fast  occurring  events. 
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Figure  3-1.  Diagram  of  Possible  Failure  Causes 
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I  urthrr  orbital  d  i  iKino.il  i  c  'iilonii.il  ion  might  he  obl.it  i  ned  by  monitoring 
current  usage  .uul  battery  depth  e!  discharge  .it.  onset  of  I  tic  rioxt  eclipse. 
Anot  bor  di.HjriosI  it:  approach  disco:,  nod  by  the  invest  ig  at.  iori  (  earn  is  to 
roiiiii.irid  t  fit'  tailed  I: r.in sin i  1:t or  on  for  a  period  of  t  into  (s.iy,  12  boom)  <i ml 
observe  any  change  in  t.r  ar.xr.itt.r  { emu;  vat :::  v  *n  let cm  ire  if  poror  is 
bo  i  ik)  d  i  ss  i  pa  I  od .  However,  no  ruch  recommer'dat  ion  was  made  os  it  has  boon 
the  policy  riot;  to  jeopard  i  /e  the  operation  of  the  satellitr  ni  any  way 
simply  l;o  obtain  failure  diagnostic  information. 

3.  2  CONVERTER  FOLD-BACK 

A  possible  failure  mode  investigated  by  the  team  is  damage  to  the 
transmitter  or  dual  baseband  unit;  due  to  converter  fold-back. 

The  overload  characteristics  of  the  converter  were  tested,  using  Qua! 
Unit  S/N  3-25.  Care  was  used  not  to  overstress  the  converter  beyond  its 
normal  load  capability. 

The  test  data  (Table  3-1)  shows  that,  the  converter  does  not  exhibit 
any  fold-back  characteristics.  Instead,  the  output  maintains  regulation  as 
the  load  is  increased  until  the  series  pass  t.ransitor  runs  out  of  drive, 
then  voltage  starts  to  drop  as  the  current  increases.  This  happened  to  the 
-lb  V  output  during  test  No.  2.  Output  oscilloscope  traces  are  shown  in 
Figure  3-2. 

It  was  concluded  that  as  the  output  load  is  increased.  the  input 
current  increases  until  the  input  bus  fuse  blows,  thus  precluding  damage  to 
the  transmitter  or  dual  baseband  unit. 

3.3  F-14  UNIT  FABRICATION  TEST  HISTORIES 

Fabrication  test  histories  of  the  failed  transmitter  and  its  power 
converter  were  reviewed  to  identify  any  possible  anomalies  which  might 
provide  clues  for  identifying  the  cause  of  orbital  failure. 

3.3.1  T  ransmit ter 

A  review  of  the  fabrication  test  history  of  transmitter  S/N  3-25 
revealed  the  following: 

a)  Assembly  of  the  unit  was  completed  in  August  19 11 
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b)  Test  Discrepancy  Report  (TDR)  T  3 1 691  indicates  low  output  power 
during  fabrication  test.  This  type  of  TDR  is  typical  for  the 
transmitter  and  is  usually  caused  by  alignment  problems  and/or 
air-variable  capacitor  wear-out. 

c)  TDR  T25594  indicates  low  output  power  during  temperat.ure/al  ti tude 
test.  The  unit  was  opened  and  the  output  filter  housing  was 
found  to  be  sensitive  to  pressure  and  shock.  The  output  filter 
cavity  was  opened  and  repacked  with  pith  balls.  Power  output  v/as 
then  normal.  Several  temperature  cycles  were  performed  with  no 
power  output  anomalies.  Although  no  hard  evidence  of  a  discrep¬ 
ancy  was  found,  a  possible  cause  of  the  anomaly  was  concluded  to 
be  due  to  pith  ball  contamination.  The  transmitter  completed  a 
full  acceptance  test  sequence  with  no  further  anomalies. 

d)  TDR  TA5921  indicates  an  out-of-spec  condition  on  the  modulation 
index  during  1ST  No.  4  Satellite  9441.  In  addition,  the  trans¬ 
mitter  output  power  had  degraded  about.  200  rnW,  although  this 
parameter  remained  in  specification.  The  unit  was  returned  to 
Manufactur i ng.  No  damage  or  defects  were  found.  Minor  realign¬ 
ment  significantly  increased  power  output  and  brought  the  mod 
index  within  specification.  Extensive  temperature  testing  did 
not  reveal  any  sensitivity  to  temperature  transitions.  The  unit 
passed  all  acceptance  tests  with  no  anomalies  in  October  1978. 

The  above  described  anomalies  are  typical  for  the  DSCS  II  telemetry 
transmitter,  as  indicated  by  a  review  of  other  transmitter  data  packages. 
Nothing  was  discovered  in  the  data  review  that  would  indicate  a  problem 
with  the  transmitter.  A  sunniary  of  the  fabrication  test  data  is  shown  in 
Table  3-2.  Copies  of  the  functional  test,  data  sheets  for  transmitter  S/N 
3-25  are  shown  in  Appendix  A. 

3.3.2  Converter 

The  transmitter  converter  (PN  25629-3)  S/N  3-61  unit  test,  data  package 
No.  856-1  was  reviewed  and  is  summarized  in  Table  3-3.  A  review  of  the 
data  showed  no  degradation  in  output  voltage  levels  during  testing. 

3.4  UNIT  FAIL  URL  HISTORIES  (ROM  PAS!  I  LIGHTS 

lest,  discrepancy  follow-up  (TDT)  reports  written  against  the  trans¬ 
mitter,  converter,  and  dual-baseband  units  used  on  DSCS  II  and  PS!’  wore 
reviewed  and  categorized.  In  addition,  tive  transmitter  failures  from  the 
Particles  and  fields  project  were  also  review’d.  the  II  At.  transmitter  lor 
these  three  programs  has  essentially  the  saim  design. 
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Table  3-?.  Summary  of  Fabrication  Test  Results  for  Transmitter  S/N  3-25 


^  POWER  OUT 

DC 

MOD 

(2.4 

INDEX 
RADIAN ) 

SIDEBAND 

1  SYMMETRY 

Cdh. 

Min. 

Non-Coh. 
Min . 

+  28 

Max. 

+  15 

Max. 

Min 

Max 

5.136  Volt 
.  7.704  Volt 

(2.4  RAD  I  AH) 
Max.  10% 

800  mW 

800  mW 

340  mA 

120  mA 

i  TOO  KHz •  500  KHz 

1  100  KHz 

1st  Ac c. .  Test 

Post  T/C 

1304 

1272 

200 

85 

6.495 

6.430 

5.870 

3.9 

Post  V i b 

1415 

1399 

210 

86 

6.152 

6.  153 

5.807 

2.9 

Temp  A1 t 

NA 

1281 

220 

86 

NA 

NA 

NA 

NA 

Th  Vac  M'. 

1187 

1187 

260 

86 

S.732 

6.410 

5.933 

4 

Ti<  Vac  Lo 

1344 

1281 

250 

86 

5.463 

5.478 

5.934 

3.9 

Post  fc'nv 

1302 

1323 

2?0 

86 

6.015 

6.010 

5.769 

1.9 

Pnd  Acc.  Test 
(After  I.T. 
Return) 

Final  Fal' 

1330 

1360 

250 

102 

6.550 

6.615 

6.850 

<1 

Tf:  lii 

923 

965 

205 

101 

6.92/ 

6.833 

7.168 

1 

TC  l.o 

1440 

1465 

280 

1C? 

5.727 

6.0 

5.961 

3 

Post  T/C 

1345 

1360 

250 

101 

6.' 562 

6.  C'2 

6.960 

1 

Post  Vib 

1300 

1340 

245 

101 

6.512 

6.657 

7.025 

1 

Temp  Alt 

NA 

1296 

240 

101 

NA 

NA 

NA 

NA 

Th  Vac  Hi 

9/2 

1 008 

210 

no 

7 . 002 

7.048 

7.318 

0 

1  Th  Vac  Lo 

1530 

1611 

285 

10? 

6.236 

6.260 

6.068 

2 

j  Post  Lnv 

1424 

1484 

240 

102 

7.043 

7  „  068 

7.023 

i 

i 

3  -  h 
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la  bio  3-3,  Converter  S/N  3-61  Test:  History 


Parameter 

Test 

1 

Final 

Pre 

Post 

TV 

TV 

Post 

Output 

Limit 

Fab 

En  V 

Vib 

Low 

High 

En  V 

+28  Vdc 

+27.44 
+28. 56 

28.18 

28. 1 7 

28.06 

28.12 

28.09 

28.08 

+15  Vdc 

+14. 70 
+15.30 

15.02 

14.96 

15.02 

15.01 

15.03 

15.02 

-16  Vdc 

14.  70 
-15.30 

o 

CO 

• 

1 

-14.89 

-15. 13 

-15. 13 

-15. 14 

-15.12 

3.4.1  DSCS  II  T  ranstni  t  ter  Fail  ures 

Failure  reports  written  against  DSCS  II  telemetry  transmitter,  P/N 
266164,  all  dash  numbers,  S/N  2-1  through  3-34  were  divided  into  six  cate¬ 
gories:  (1)  No  power;  (2)  Low  power;  (3)  Fluctuating  power;  (4)  Modula¬ 
tion  problems;  (5)  Bandpass,  frequency,  or  spurious  response  problems; 

(6)  Other.  The  first  three  categoies  deal  with  the  output  power  parameter, 
while  the  last  three  relate  to  other  aspects  of  the  output  spectrum  as  well 
as  miscellaneous  problems.  The  details  are  tabulated  in  Appendix  B, 
Attachment  1.  The  first  three  categories  are  then  each  subdivided  by  fail¬ 
ure  cause.  These  are  shown  in  Attachment  2  of  Appendix  B. 

A  total  of  96  TDFs  were  written  against  the  telemetry  transmitter.  Of 
these,  32  DFs  were  related  to  the  output  power  parameter,  and  64  were 
related  to  sane  other  parameter.  Of  the  32  output  power  TDFs,  only  one 
dealt  with  a  no- power  situation  {S/N  2-1;  due  to  a  procedural  problem  in 
thermal -vacuum  test,  a  longer  soak  time  was  added). 

3.4.2  DSP  Transmitter  Failures 

A  similar  review  was  performed  on  the  DSP  0. 8  W  transmitter,  P/Ns 
236855,  246027-5,  246027-6,  S/N  2-1  through  029.  The  same  six  categories 
mentioned  above  were  used.  Details  of  this  can  be  found  in  Appendix  B, 
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Attachment  3.  The  subdivision  of  the  first  three  categories  by  failure 
cause  is  found  in  Attachment  2 „  Of  the  107  TDFs  written  against  the 
transmitters,  63  TDFs  were  related  to  the  output  power  parameter  and  44 
dealt  with  other  parameters.  Of  the  63  TDFs  relating  to  output  power,  20 
TDFs  discuss  the  no-power  situation.  Of  the  20  no-nower  TDFs,  seven  were 
out-of-tune  transmitters,  two  were  caused  by  employee  error,  five  were 
caused  by  corona,  two  were  caused  by  outgassi ng/imi sture ,  one  was  caused  by 
a  faulty  transistor,  one  was  caused  by  a  loose  screw  on  transformer  T2,  one 
was  caused  by  a  converter  failure,  and  one  failure  cause  was  unknown.  See 
Appendix  B,  Attachment  2  for  the  breakdown  of  failure  causes. 

3 . 4 . 3  Particles  and  Fields  Satellite  Transmitter  Failures 

Also  reviewed  were  five  TDRs  written  against  the  Particles  and  Fields 
(P&F)  satellite  transmitter.  Two  concerned  a  no-power  output  condition. 

The  failure  cause  was  an  open  junction  of  a  part  on  the  low-power  board. 

The  part,  TRW  Semiconductor  C255185-011,  2N4428,  was  retro-fitted  on  DSCS 
II  hardware  after  this  PAF  failure. 

3.4.4  Con verter  and  Dua 1  Baseban d  Assembly  Fall ures 

DSCS  II  and  DSP  converter  failure  history  was  reviewed.  DSCS  II 
converter  P/N  256295  and  DSP  converter  P/M  237974  had  18  and  44  TDFs, 
respectively.  Of  the  18  DSCS  II  TDFs,  three  concerned  a  complete  loss  of 
output:  (1)  -15  V  to  0.0  caused  by  a  too-long  screw,  corrected  by  E.O;  (2) 
+28  V  to  0.0  caused  by  a  shorted  diode  which  was  considered  a  one-time 
occurrence;  (3)  all  outputs  to  0.0  caused  by  a  shorted  transformer,  also 
considered  a  one-time  occurence.  Of  the  44  DSP  TDFs,  six  concerned  a 
complete  loss  of  output:  (1)  no  outputs  due  to  a  broken  wire  (considered 
workmanship);  (2)  a  short  in  the  converter  power  board  during  integration 
testing;  (3)  -15  V  to  0.0  due  to  a  too-long  screw  corrected  by  E.O;  (4)  no 
output,  caused  by  operator  error;  (5)  no  output  to  tne  receiver  due  to  a 
damaged  J2  connector  on  the  converter;  (6)  same  as  5. 

Finally,  the  dual -baseband  unit  failures  were  reviewed.  Of  the  five 
DSCS  II  TDFs  written,  all  were  related  to  the  RF  output  spectrun  (such  as 
intermittent  output,  or  out-of- tolerance  power  versus  frequency)  rather 
than  an  input  parameter  (such  as  input  current).  Earlier  failure  analysis 
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determined  that  RF  output  problems  could  not  result  in  the  orbital  anomaly 
of  F 14.  Of  the  DSP  TDFs  written,  all  were  also  related  to  the  RF  output 
spectrum  rather  than  an  input  paramter. 

3.4.5  Conclusions  From  Unit.  Failure  Histories  Review 

A  review  of  the  falure  history  of  transmitters,  converters,  and 
dual -baseband  units  on  DSCS  II,  DSP  and  Particles  and  Fields  projects 
revealed  relatively  few  failure  modes  which  could  result  in  the  complete 
loss  of  transmitter  output.  In  the  past,  transmitters  lost  power  by  detun¬ 
ing,  corona,  part -fail ure,  outgassing  or  moisture,  and  the  loose  screw. 

DSCS  II  transmitters  had  no  hardware  failures  resulting  in  a  complete  loss 
of  power. 

Several  DSP  converters  failed  in  a  fashion  that  would  result  in  a 
complete  loss  of  transmitter  signal.  Some  of  the  failure  causes  mentioned 
earlier  (a  broken  wire,  a  short  in  the  converter  power  board,  and  a  damaged 
connector)  figure  as  possible  F - 1 4  anomaly  causes.  The  two  DSCS  II  con¬ 
verter  failures  caused  by  a  shorted  diode  and  shorted  transformer  are  also 
possible  F - 14  anomaly  causes.  It  is  very  unlikely  these  faults  could  have 
escaped  detection  during  unit  test  and  integration  and  test  of  the 
satell ite. 

The  history  of  the  dual -baseband  units  reveals  no  possible  failures 
such  that  a  condition  of  no  transmitter  output  power  would  exist. 

3.5  CRITICAL  PART  FAILURE  HISTORY 

In  an  attempt  to  identify  one  or  more  piece-parts  which  could  be 
suspected  of  having  caused  the  orbital  failure,  transmitter  and  converter 
schematics  were  reviewed  to  identify  critical  parts  whose  failure  would 
produce  the  observed  conditions.  Since  a  very  large  number  of  parts  could 
have  caused  the  failure,  the  critical  parts  listed  were  limited  to  the 
higher  failure  rate  parts.  Many  lower  failure  rate  parts ,  such  as  standard 
resistors  and  capacitors,  could  also  have  been  the  failure  cause,  though 
much  less  likely.  Government,  alerts  and  TRW  historical  parts  failure  data 
were  reviewed  zo  determine  if  any  of  these  critical  parts  had  been  problem 
parts  in  the  past. 
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3.5.1  Tran smitten  Critical  Parts 

After  reviewing  the  transmitter  schematics  (297452,  297451),  the 
following  piece  parts  were  identified  along  with  the  type  of  failure  and 
its  effect  on  the  transmitter  performance. 


A.  Low  Power  Board  (Schematic  297452) 


1. 

Voltaqe  Regulator 

Ref. 

Part  No.  Part  Type 

Failure 

Resul t 

Q1 

Q2 

C255270-Q11  Transistor 

C255172-011  Transistor 

Short/Open 

Short/Open 

Loss  of  carrier 
Loss  of  carrier 

2. 

Switching  Circuit 

CR1  - 

CR255212-011  Diode 

Short/Open 

Loss  of  carrier 

CR4 

3. 

Buffer  Amplifier 

Q4 

VR4 

C255169-021  Transitor 

C26507-071  Diode 

Short/Open 

Short/Open 

Loss  of  carrier 
Loss  of  carrier 

4. 

Doubler  Amplifier 

Q5 

CR5 

C255169-021  Transistor 

C255116-011  Diode 

Short/Open 

Short/Open 

Loss  of  carrier 
Loss  of  carrier 

5. 

Modulation  Amplifier 

Q6 

VR5 

VR6 

CR6 , 

C255169-021  Transistor 

C255097-031  Diode 

C255122-021  Diode 

C255104-1 31  Diode 

Short/Open 

Short/Open 

Short/Open 

Short/Open 

Loss  of  carrier 
Loss  of  carrier 
Loss  of  carrier 
Loss  of  carrier 

CR7 

6. 

Buffer  Amplifier 

Q7 

(,255169-021  Transitor 

Sho^t/Open 

Loss  of  carrier 

7. 

Final  Amplifier 

Q8 

C255185-011  Transitor 

Short/Open 

Loss  of  carrier 
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B.  High  Power  Board  (Schematic  297451) 


1 .  Low-Level  Quadrupler 

CR1,  C255104-031  Varactor 

CR2 

2 •  Low-Level  Amplifier 
Q2  0255164-011  Transistor 

3 .  High-L evel  Amplifier 

Q3  0255163-021  Transistor 

4.  Quadrupl er 

CR3,  0255115-011  Varactor 

CR4 


Short /Open 


Short/Open 


Short/Open 


Shcrt/Ppen 


Loss  of  carrier 


Loss  of  carrier 


Loss  of  carrier 


Loss  of  carrier 


3.5.2  Converter  Critical  Parts 

After  reviewing  the  transmitter  converter  schematic  (256513)  the 
following  piece  parts  were  identified  along  with  the  type  of  failure  and 
its  effect  on  the  converter  performance.  In  general,  any  part  failure 
resulting  in  a  loss  of  the  command  relay  contact,  closure  would  result  in  a 
turn-off  of  the  converter. 


Part  No 

Part  Type 

Fail ure 

Result 

Osci 1 1 ator  Drive  A1 

l  Board 

0255/89-2661 

Capacitor 

Short. 

Open  Input  Fuse 

C255 160-01 1 

Transi stor 

Short/Open 

Low  Voltage  Output 

0255162-011 

Transi stor 

Short /Open 

Low  Voltage  Output 

0255172-011 

Transi stor 

Short/Open 

Los  Voltage  Output 

02551 02-021 

Zener  Diode 

Short/Open 

Low  Voltage  Output. 

Power  Output  Board 

Ml 

0255196-011 

Transistor 

Short  CE 

Open  Input  Fuse 

0255 1 96-011 

Transistor 

Open  Ce 

No  Output  Voltage 

C 2551 74-021  (Q5) 

Transi stor 

Open 

No  +15  V  Output 

0255174-021  (Q5) 

Transistor 

Short 

+15  V  Output  Increase 

to  approx  +1 7  V 

0255489-2546 

Capacitor 

Short. 

+15  V  goes  to  zero 

may  blow  input  fuse 

0255489-2661 

Capaci tor 

Short 

+28  V  goes  to  zero, 

Hpl 5  V  goes  low  may  blow 
input  fuse 
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3.b.  3  Parts  History  Review 


GIDEP  Alerts,  reliability  action  requests  (RAR)  and  destructive 
physical  analysis  (DPA)  history  of  the  critical  components  used  in  DSCS  11 
that  could  have  caused  the  failure  were  reviewed.  The  following  critical 


parts,  taken  from  the  lists  in 

Sections  3.5.1 

and  3.5.2,  were  researched: 

Part  Type 

Part  No. 

Generic  Part  No. 

1. 

Diode,  Voltage 

C255097-031 

1N748A 

Regulator  (Zener) 

-071 

1N752A 

2. 

Diode,  Varactor 

C255104-031 

PC  100 

3. 

Diode,  Varactor 

C2551 1 5-021 

VAE802EC 

4. 

Diode,  Switching 

C255116-01 1 

1N3600 

5. 

Diode,  Temp 

Compensated  Ref. 

C255122-021 

1N4295A 

6. 

Diode,  Step 

Recovery 

C255212-01 1 

PPA-023 

7. 

Transistor,  NPN 

IJHF  Amp 

C255163-021 

2N4430 

8. 

Transistor,  NPN 

Med.  Power  UHF  Amp 

C255164-011 

2N4429 

9. 

Transistor,  NPN 

High  Speed  Switch 

C255169-021 

2N2369 

10. 

Transistor,  NPN 

C255172-021 

2N2222A 

11. 

Transistor,  NPN 

Low  Power  UHF 

C255185-01 1 

2N4428 

12. 

Transistor  NPN 
Darlington  Amp 

C255270-01 1 

2N999 

The 

review  of  the  critical 

parts  revealed 

several  GIDEP  Alerts,  RARs 

and  unsatisfactory  DPAs.  A  total  of  four  GIDEP  Alerts  have  been  written  on 
zener  diodes  of  the  same  type  and  voltage  as  the  C25 509 7 -03 1  and  -071  but 
none  of  the  suppliers  was  used  by  TRW  on  the  DSCS  II  Project.  Other  GIDEP 
Alerts  were  written  on  parts  in  the  same  series  as  the  C255097  family  from 
suppliers  that  DSCS  II  used,  but  these  were  old  lot  date  codes  and  techni¬ 
cal  steps  have  since  been  taken  by  the  suppliers  and  TRW  specification 
modifications  have  been  made  to  minimize  the  possibility  of  problem 
repetition  in  later  parts. 


R 5 -21 4 -80 


3-14 


GILltP  Alerts  of  2N2222A  transistors  or  the  military  version  of  this 
part  (which  is  the  same  basic  type  as  the  C2551/2-021)  were  located,  but 
only  one  alert  was  from  a  supplier  used  by  DSCS  II.  This  particular  alert 
was  on  parts  manufactured  in  1968  and  could  not  have  been  used  on  this 
satellite.  Again,  manufacturing  changes  by  the  supplier  have  eliminated 
the  problem  in  later  lots. 

Only  one  RAR  (No.  37)  was  found  on  any  of  critical  pa*-t.s  used.  This 
was  written  on  a  JANTXV2N2222A  for  parts  made  in  1972  by  a  supplier  not 
used  on  DSCS  II  for  the  C2551 72-021  part. 

Two  unsatisfactory  DPAs  were  found  on  critical  part  types.  The  first 
was  on  one  transistor  type  C255169-021  (similar  to  2N2369)  which  was  manu¬ 
factured  by  an  approved  source.  Motorola.  The  cause  of  the  DPA  being 
unsatisfactory  was  metallization  bridging  between  the  base  bonding  pad  and 
one  of  the  emitter  fingers.  There  was  a  very  slight  separation  between  the 
pad  and  finger  so  that  the  unit  was  probably  not  electrically  shorted. 

This  part  was  very  old  (lot  date  code  6813)  and  the  lot  was  not  used.  It 
was  scrapped. 

The  other  unsatisfactory  DPA  was  for  a  step  recovery  diode  C255212-011 
which  was  manufactured  by  Hewlett-Packard.  Two  of  the  diodes  in  the  DPA 
sample  contained  a  particle  of  sufficient  size  to  cause  shorting  between 
the  anode  ribbon  and  the  cathode  side  of  the  die  or  mounting  pedestal.  The 

lot  of  parts  was  100  percent  screened  visually  internally  and  all  parts 
with  particles  removed.  However,  none  of  the  parts  from  this  lot  (lot  date 
code  7511)  were  used  on  DSCS  II.  In  the  meantime  Hewlett-Packard  was 
apprised  of  the  problem  and  made  significant  improvements  in  !;he  cleanli¬ 
ness  of  the  assembly  operation  and  also  in  their  preseal  inspection  proce¬ 
dures  and  equipment. 

There  were  additional  unsatisfactory  DPAs  on  parts  used  by  other 
projects  at  TRW  which  are  similar  to  the  critical  parts  such  as  diode  type 
.JANTXV1N3600  or  transistor  type  JANTXV2N2222A.  In  all  such  cases  however 
the  parts  were  manufactured  by  suppliers  not  used  by  DSCS  II,  or  were  of 
older  lot  date  codes  than  the  parts  used. 

Based  on  this  review  of  TRW  and  industry  part  failure  information,  it 
was  concluded  that  there  is  no  historical  evidenc  to  indicate  a  specific 
component  part,  as  the  cause  of  the  TT&C  failure. 
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3.6  INVr ST  10AI  ION  01  I LMPCUA  T  UR  I  DATA 


in  an  attempt  to  obtain  additional  clues  r  eg  a  rd  i  ruj  t  ho  cause  of 
failure,  the  investigation  team  took  a  close  look  at  telemetered 
temperatures  in  the  vicinity  of  the  failed  transmitter  and  compared  them 
with  predicted  values  using  the  DSCS  II  analytical  thermal  model. 

Table  3-4  shows  the  receiver  internal  temperature  for  several  days 
before  and  after  the  failure.  The  receiver  temperature  sensor  is  in  the 
same  assembly  housing  as  the  transmitters,  and  its  telemetry  was  not 
affected  by  switchover  to  the  redundant  transmitter.  Note  that;  the 
temperature  dropped  5  degrees  after  the  failure,  then  rose  to  a  stable 
level  at  82-83”F.  This  reflects  shutdown  of  transmitter  No.  1  and  warm-up 
of  transmitter  No.  2.  The  stabilization  temperature  after  the  failure  is 
lower  because  transmitter  No.  2  is  located  farther  away  from  the 
temperature  sensor  within  the  receiver  than  is  transmitter  No.  1. 


Table  3-4.  TTC  Receiver  Temperature  Pefore 
and  After  Failure 


Date 

lime  (Z) 

Temp  °F 

1-1 6 

0426 

86° 

1-15 

1014 

86  ° 

1-15 

2300 

86” 

1-16 

1024 

86  ” 

1-17 

0419 

86  ° 

1-18 

1100 

86° 

1-19 

0609 

86” 

1-20 

172.2 

86  ° 

1-21 

0932 

85° 

Transmi tier 

ft  1  Failed  During 

This  Period 

1  22 

0/02 

80° 

I.  -23 

0655 

83” 

1-24 

0224 

83° 

1-25 

1253 

83” 

1-26 

0058 

83” 

J  -2  7 

2204 

8?” 

1-28 

0352 

83° 

1-29 

0/4 1 

83° 

1  -30 

1017 

82  ° 

1-31 

0559 

82” 

Transmitter 
No.  1  ON 


Transmitter 
No.  2  ON 


Rb-214-80 


3-16 


lo)  emotered  temperature  measurements  for  t.r  ansmi  t.t.ers  No.  1  and  ? ,  t  he 
receiver  and  battery  No.  1  aro  shown  p  1  of  tod  in  iguro  3-3  for  sovora) 
minufos  before  and  after  the  1  a i  1  lire .  Ihis  figure  clearly  shows  the 
warm-up  of  transmitter  No.  2. 

A  thermal  analysis  was  performed  using  the  DSC S  11  r  1 3 -•  1  (>  spun  plat¬ 
form  analytical  thermal  model  to  predict  the  effect  of  transmitter  opera¬ 
tion  on  adjacent  flight  sensor  temperatures.  The  condition  analyzed  was 
Winter  Solt'ice,  beginning  of  life  in  orbit.  Table  3-5  tabulates  the  pre¬ 
dicted  flight  sensor  temperatures.  In  the  analytical  thermal  model,  both 
transmitter  No.  1  and  transmitter  No.  2  are  lumped  into  one  isothermal 
node,  therefore,  only  one  temperature  is  predicted  and  applied  to  both 
transmitters.  These  temperature  predictions  are  shown  plotted  as 
horizontal  lines  in  Figure  3-3. 

Table  3-5.  Predicted  Temperatures  with  Transmitter  ON  and  OFF 


Flight  Sensor 

Predicted 

Temperature,  °F 

XMIT  ON 

XMIT  OFF 

2-78,  TMX1T 

99 

71 

2-80,  TMX2T 

99 

71 

2-82,  RCVRT 

85 

76 

2-24,  BAIT 

70 

68 

Before  the  failure,  transmitter  No.  1  was  operating  at  95°F,  4°F  below 
the  predicted  99"F.  ihis  was  not  considered  significant  since  it  is  within 
the  accuracy  of  the  measurements  and  analytical  predictions.  The  receiver 
and  battery  were  operating  very  close  to  the  predicted  values. 

After  the  failure,  transmitter  No.  2  temperature  was  very  close 
(within  i"F)  to  its  predicted  value  in  the  off  condition.  This  indicated 
that  neither  the  transmitter  nor  its  converter  was  dissipating  power. 
Flowever,  this  does  not  necessarily  infer  that  the  converter  failed  causing 
loss  of  power  to  the  transmitter,  because  failure  of  the  transmitter  could 
also  reduce  power  output  of  the  converter  causing  it  to  cool  down.  The 
receiver  temperature  dropped  to  within  4°F  of  predicted.  Battery  number 
one  temperature  changed  only  1-2'JF  as  predicted.  Thus,  nothing  unusual 
could  be  inferred  from  this  temperature  data. 
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cure  3-3.  9444  XMTR  1  Failure  -  Related  Temperature  Data 


3.7  TRANSM ITTLR  POWL'R  OUTPUT  COMPARISONS 


The  most  indicative  paramter  for  measuring  transmitter  performance  is 
output  power,  measured  in  watts.  The  transmitter  is  designed  to  nominally 
produce  1  watt.  However,  the  sensitivity  of  the  transmitter  to  tuning  has 
resulted  in  considerable  fluctuation  in  output  power  from  unit  to  unit. 

Records  from  Integration  and  Test  for  each  DSCS  II  spacecraft  through 
Flight  15  were  researched  and  transmitter  test  measurement  values  were 
tabulated.  This  data  is  shown  in  Appendix  C.  For  Flights  7  through  12,  it 
was  necessary  to  apply  a  correction  factor  to  the  power  output  measurements 
to  convert  power  measured  at  the  diplexer  to  output  power  for  the  trans¬ 
mitter.  This  correction  factor  curve  is  shown  in  Figure  C-l.  (Appendix  C) 

Figure  3-4  provides  an  overall  picture  of  transmitter  output  power  for 
30  transmitters.  Shown  for  each  transmitter  are  the  range  of  power  values 
measured,  the  mean  value  and  the  last  value  measured  during  I&T.  Note  that 
output  power  has  varied  from  less  than  0.8  W  to  over  1.8  W,  a  range 
variation  of  100  percent  from  the  nominal  design  power.  For  comparison 
purposes.  Figure  3-4  also  shows  an  overall  mean  (i.e.  mean  of  the  mean 
values)  for  all  transmitters  and  one,  two  and  three  sigma  deviations  from 
the  mean.  The  mean  value  is  1.26  W,  one  sigma  is  0.185  W. 

In  general.  Flights  .1  through  5  tended  to  have  transmitter  powers 
above  the  mean.  Flights  1  through  12  were  generally  below  the  mean  and 
Flights  13  through  15  were  above  the  mean.  Flight  13  is  a  notable  excep¬ 
tion;  the  A-side  transmitter  (S/N  3-34)  was  one  of  the  lowest,  power  trans¬ 
mitters  tested  while  the  B-side  transmitter  (S/N  3-30)  was  the  highest. 

Of  particular  interest  is  that  the  mean  output,  power  of  the  failed 
transmitter  or.  Flight  14  (S/N  3  25)  during  1ST  was  one  of  the  highest  ever 
measured.  Only  transmitter  3-30  on  Flight  13  and  the  two  transmitters  on 
Flight  1  (which  had  problems  in  orbit)  had  higher  average  output.  Trans¬ 
mitter  3-9  on  Flight.  4  (which  failed  in  orbit)  also  had  some  relatively 
high  powe,  measurenients ,  although  the  last,  measurement  in  1ST  was  near  the 
overall  mean.  This  raised  the  question  of  whether  high  transmitter  output, 
power  was  correlated  with  failure. 
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t  Power  History  During  I&T 


The  problems  experienced  with  Flight  1  transmitters  were  of  a  com¬ 
pletely  different  nature  from  the  failures  on  Flight  4  and  14.  Both  Flight 
1  transmitters  turned  off  intermittently  during  eclipses.  Difficulties 
were  also  encountered  getting  them  turned  on  again.  These  problems  were 
traced  to  an  open  circuit  caused  by  thermal  expansion  and  contraction  in 
the  p’ ated-through  holes  cf  a  nor,- redundant  part  of  the  transmitter  turn-on 
circuit.  Subsequently,  the  design  was  changed  to  incorporate  redundancy  in 
this  circuit  and  the  pi ated-through  hole  manufacturi ng  process  was 
improved.  The  transmitter  failure  symptoms  on  Flight  4  and  14,  however, 
appear  to  be  nearly  identical  (see  Section  4). 

To  assure  that  the  transmitter  power  variations  shown  in  Figure  3-4 
are  not  just  due  to  normal  random  variations,  statistical  significance 
tests  were  performed  on  the  data  in  Appendix  C.  First  an  analyses  of 
variance  was  conducted  on  the  output  power  measurements  made  during  I&T  on 
the  30  transmitters.  This  analysis  is  summarized  in  Appendix  D,  As  miqnt 
be  expected,  the  results  show  that  the  observed  variation  in  output  power 
is  significant  and  it  is  highly  unlikely  that,  all  transmitters  come  from 
the  same  statistical  population.  Although  all  transmitters  are  of  the  same 
design,  their  performance  is  highly  dependent  on  their  tuning. 

A  second  statistical  test  was  performed  to  determine  if  the  two  trans¬ 
mitters  which  failed  abruptly  in  orbit  ( S/N  3-9  and  S/N  3-25)  had  signifi¬ 
cantly  higher  output,  power  than  the  average  of  non-failed  transmitters 
(excluding  Flight  1).  Tin's  analysis  is  shown  in  Appendix  E.  The  results 
indicate  that  the  observed  higher  output,  power  of  the  two  failed  trans¬ 
mitters  is  statistically  significant  and  there  is  less  than  a  5  percent 
chance  that  this  observation  is  due  just  to  random  fluctuation.  The 
mechanism  of  failure  arid  huw  it  is  related  to  output  power  has  not  been 
detenni  nod. 
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4.  REVIEW  OF  OTHER  ORBITAL  TRANSMITTER  FAILURES 


Two  other  transmitter  failures,  similar  in  nature  to  the  failure  on 
Flight  14,  have  occurred  in  orbit.  They  are  transmitter  No.  1  (S/N  3-9)  in 
DSCS  II  Flight  4  and  transmitter  No.  2  on  DSP  Flight  4.*  These  are  essen¬ 
tially  the  same  design  as  the  DSCS  II  transmitters.  As  discussed  in  Sec¬ 
tion  3.7,  the  transmitter  problem  experienced  on  DSCS  II  Flight  1  had  very 
different  symptoms.  They  were  traced  to  a  likely  cause,  were  reproduced  by 
ground  test  and,  thus,  were  not  considered  similar  to  the  other  failures. 

4.1  DSCS  II  FLIGHT  4  TRANSMITTER  FAILURE 

At  1240Z  August  25,  1976,  transmi tter  one  on  Satellite  9434  failed  (no 
downlink  carrier  output  with  uplink  carrier  "signal  presence"). 

Due  to  satellite  power  limitations,  transmitter  No.  1  was  being  turned 
off  at  the  end  of  each  pass  and  was  normally  turned  on  by  a  "signal  pres¬ 
ence"  command  at  the  beginning  of  each  pass. 

Accordingly  the  Satellite  Control  Facility: 

1)  Sent  the  downlink  "on"  command  at  13157.  without  success  (this 
bypasses  signal  presence  circuits) 

2)  Selected  transmitter  No.  2  at  1435Z.  This  command  was 
successful  and  transmitter  No.  2  has  been  left  on  ever  since. 

Prior  to  the  failure,  there  was  no  indication  of  a  pending  problem. 
Transmitter  No.  1  had  been  cycled  on  and  off  approximately  250  times  prior 
to  failure.  The  failure  could  have  been  in  the  transmitter  itself  or  its 
power  conveiter.  It  was  not  possiole  to  isolate  it.  to  either  unit. 

A  review  was  made  of  the  history  of  selected  critical  parts  used  in 
the  transmitter  and  its  converter;  however,  no  significant  evidence  was 
found  to  link  the  orbital  failure  with  a  specific  part. 


A 

At  this  point  a  numerol  og  i  st  would  argue  that,  the  cruse  of  tin'  failure  is 
obvious:  all  flight  numbers  containing  the  digit  "4"  are  subject  to 
transit)  i  t  ter  fail  ure  ! 
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It.  did  not  appear  that  there  were  significant  changes  in  either  the 
transmitter  or  its  converter  other  than  those  necessary  to  accommodate 
unavailability  of  original  parts.  There  were  several  transmitter  and  two 
converter  ECPs  incorporated  since  Satellite  9434.  They  are  listed  below 
together  with  comments  as  to  possible  effect. 

TCP  No.  and 

E f fecti vi ty  ECP  Title 

21  (9437)  Varactor  Diode  Replacement  (Due  to  parts  availability) 

Replaced  the  pair  of  varactors  used  in  the  X4  multiplier 
(output  stage)  with  the  same  part  used  in  the  DSP  1.6  W 
transmitter.  Some  circuit  changes  were  also  necessary. 


34  (9437) 


68  (9439) 


76  (9439) 


88/123  (9443) 


98  (9443) 


Change  of  TT&C  Transmitter  Crystal 


Change  of  value  of  an  inductor  shunting  the  crystal  to 
accormiodate  the  crystal  manufacturer's  product  being 
procured  for  DSCS  II. 

Comniu n i c a t i o ns  Conve r t e r  Transformer  Inspectabi  1  i ty 
TmproVemerrt 

Added  shims  under  transformers  and  inductors  to  improve 
inspectabil ity  for  "solder  balls." 

TT&C  RCVR/XMITR  Interface  Spec  Change 

Reduced  manufacturi no  problems  associated  with  receiver 
tuning  (did  not  impact  transmitter). 

S-Band  Diplexer  Supplier  and  Design  Change 

Replaced  Wavecom  with  Teledyne  unit.  ECP  123  added  a 
2UK  resistor  to  spacecraft  harness  to  control  source 
impedance  of  power  monitoring  circuit  of  Teledyne 
Diplexer  (did  not  impact  transmi tter) . 

Single  Configuration  Transponder  Converter 

Made  both  Tx  and  Rx  converters  alike  with  minor  increase 
in  power  dissipation  (converter  manufacturabil  i ty 
improvement)  . 
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ECP  Title 


F.CP  No.  and 
(■  ffect.i  vi  ty 

106  (9441)  TLM  Transmitter  Producibi 1 i ty 

An  attempt  to  reduce  the  effort  required  to  tune  the 
transmitter  (design  effect  considered  negligible). 

120/124  flattery  Charge  Control  Mode 

(9441/9443) 

The  only  impact  was  to  change  t  'e  main  bus  voltage  from 
32.4  V  to  31.8  and  33.8  V  respt  tively.  This  did  not 
have  an  effect  on  the  converter. 

4.2  DSP  FLIGHT  4  TRANSMITTER  FAILURE 

On  13  July  73,  Flight  4  transmitter  28  (S/N  007)  failed  abruptly, 
going  from  full  data  with  no  discrepancies  in  one  data  frame  to  fully  off 
with  no  transmission  in  the  next.  After  31  days  of  operation,  the  carrier 
stopped  instantaneously  and  without  warning  within  the  sampling  interval  of 
the  telemetry.  After  multiple  attempts  to  command  it  on,  Link  2A  was 
commanded  on  and  has  been  operating  since. 

Orbital  tests  checked  for  temperature  influence,  RF  switch  intermit- 
tancy,  and  coherent  oscillator  switching.  Ground  test  history  showed 
S/N  007  typical  of  Phase  I  transmitters,  with  their  relatively  large  number 
of  misalignments,  Johansen  capacitor  failures,  corona  and  operator  errors. 

Early  in  Phase  II  the  DSP  instituted  the  following  relevant  changes: 

a)  RF  cable  impedance  matching  to  transmitters 

b)  Improved  Johansen  capacitors 

c)  3-point  (frequency)  tuning 

d)  Revised  Acceptance  Test  Program. 

A  concerted  effort  was  made  to  evaluate  the  possible  failure  modes  but 
no  evidence  was  found  which  could  provide  a  unique  failure  signature  and 
identify  a  specific  failure  cause.  It.  was  concluded  it  was  not  possible  to 
isolate  the  problem  with  the  orbital  data  available  or  with  unit  and  part 
g  ro  u  nd  te  st  his  tor y . 
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Mii>  following  IRW  personnel  cc 
investi gation  team  for  the  Might  i 

G.  F.  Noun or 

R.  Alborn 

G.  Van  dor  C<jpcllen 
R.  Montague 

D.  Hutchinson 
J.  Wroblcski 
J.  Streisand 
R.  Doyle 

Other  significant  contributors 
R.  Glynn 
R.  0.  Henrich 
J.  Sharp 

A.  H.  Sharp 

B.  Burdiak 

H.  Pan 


IN  VC  S  I  1GAT  ION  II  AM 

nstituted  the  orbital  anomaly 
4  transmitter  failure: 

Chai nnan 

Orbital  Operations 
Transmitter  Unit  Engineer 
Converter  Unit  Engineer 
Integration  and  Test 
Sy  s  torn  E  f  f ec  t  i  v  en  e  s  s 
Eng i neori ng 

Parts,  Materials  and  Processes 

to  the  investigation  were: 

Orbital  Operations 
Rel i ab i 1 i ty 
System  Engineering 
DSP 

Rel iabil ity 
Thermal  Analysis 
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I  DSCS  III!  I  Gl  1 1  14  IRANSMI  I  ll R  IA I  i  IJR! 

IOC.  USCS -I  4-10/.  from  >J.  I.  Sf.rei  sand ,  Subject.:  Reacceptam  e  Test:  of 
I  run sm i  I. for  S/N  3-25,  1/  Oct  ober  78. 

IOC  DSCS-G/-024,  from  0.  W.  Hutchinson,  Subject:  I&T  History  of  TFAC 
Transmitter  S/N  3-25,  IP  February  00. 

IOC  HO. 8/24. 2-001 ,  from  R.  L.  Montague,  Subject:  Review  of  fabrication 
Test  History  of  Transmitter  Converter  S/N  3-61,  18  February  HO. 

IOC  HO. 8/24. 2-OOF,  from  R.  L.  Montague,  Subject:  Transmitter  Converter 
lold-Hack,  19  February  HO. 

IOC  80.8724.2-003,  from  R.  L.  Montague,  Subject:  Identification  of 
Critical  Piece  Parts  That  Could  Cause  Converter  Failure,  19  February  80. 

IOC  DSCS --C4-226,  from  A.  G.  Van  dor  Capellen,  Subject:  Review  of 
Fabrication  Test  History  of  7/7  Telemetry  Transmitter  S/N  3-25, 

21  February  80, 

IOC  80-8/15. 1. 3-04,  from  H.  M.  Pan,  Subject:  777,  9444  Predicted  Orbital 
Temperatures  for  Flight  Sensors  in  the  Vicinity  of  the  S-Band  Transmitter 
with  the  Transmitter  Operating  and  Not  Operating,  25  February  80. 

IOC  DSCS-C4C-268,  from  G.  A.  Van  der  Capellen,  Subject:  Identification  of 
Critical  Piece  Parts  that  Would  Cause  Transmitter  Failure,  6  March  80. 

IOC  DSCS-C4C-267,  from  G.  A.  Van  der  Capellen,  Subject:  Review  of 
Fabrication  Test  History  of  7/7  Telemetry  Transmitter  S/N  3-25,  6  March  80. 

IOC  80.8/24.2-005,  front  R.  L.  Montague,  Subject:  Fabrical ion  Test  History 
of  Transmitter  Converter  S/N  3-01,  7  March  80. 

IOC  DSCS -02-2249,  from  8..  Burdiak,  Subject:  DSCS  and  M-35  Transmitter , 
Converter  and  DBU  Failure  History,  10  March  80. 

IOC  5512-108/80  DSCS -03-221 5,  from  R.  Doyle,  Subject:  Review  of  History  of 
Critical  Component  Parts  Used  in  DSCS  II  that  Would  Cause  Telemetry 
Transmitter  Failure,  30  April  80, 


6.2  DSCS  II  FLIGHT  4  TRANSMITTFR  FAILURE 

IOC  DSCS-D2-772,  from  R.  J.  Henrich,  Subject:  Action  Item  Response  for 
A.l.  No.  5  Launch  Readiness  Review  Team,  3  Dec  76. 

IOC  DSCS-Dx-276,  from  J.  A.  Nisenbaurn,  Subject:  Failure  of  9434  Telemetry 
Transmitter,  22  November  76. 
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0,3  DSP  1  LIGHT  4  TRANSMIT  Ti  lt  FAILURE 

IOC  35.83-340  dated  5  December  73,  Flight.  4  l  ink  28  Anomaly  Close  Out.. 

IOC  3S. 03-339  dated  24  August  73,  Flight  4  (.ink  20  Anomaly. 

IOC  3b.  57  -341411  dated  25  July  73,  0.8  W  Transmitter  S/N  7  Anomaly  on 
Launch  4. 

IOC  3b.b/-18211  dated  20  July  /3,  Review  of  Link  2  Transmitter  and 
Converter,  Model  3b,  Phase  I. 

IOC  35-83-288  dated  18  July  73,  Preliminary  Operations  Anomaly  Report, 
Flight  4  Link  2B  Transmitter. 
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Functional  Test;  Data  Sheets 
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APPENDIX  D 


Tabulation  of  "nit  Failure 
Histories  for  DSCS  II,  DSP 
Particles  and  Fields  Satellite 
T7&C  Transmitters,  Converters 
Dual  Baseband  Assemblies 
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APPEND’ X  D 

Analysis  of  Variance  cf  DSCS  II 
Transmitter  Output  Power  Measurements 
During  Integration  and  Test 
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ONE-WAY  ANALYSIS  OF  VARIANCE  ON 
TRANSMITTER  OUTPUT  POWER 


Objective:  To  determine  if  observed  variation  in  transmitters  is 
statistically  significant. 

Data:  30  normal  populations,  with  equal  variances 

30  unequal  sample 

ni 
N  = 

Null  Hypothesis:  = 

Alternative  Hypothesis:  At  least  two  of  the  means  are  unequal 
Results  from  Tl-59  Program  ST-15: 


sizes,  one  from  each  population 
(i  =  1,  2,  ....  30) 

nl  +  n2  +  +  n30 

m2  "  •  •  •  =  M30 


Source  of 
Variation 

Degrees  of 
Freedom 

Sum  of 
Squares 

Mean  Square 

Between 

Samples 

^  -  30-1  29 

SSB  -  13.01 

MSP,  =•  =  0.449 

Error 

v2  -  230-30  -  200 

SSE  =  2.26 

MSE  -  =  0.0113 

Total 

229 

SSI  --  15.2/ 

lest  Statistic: 


MSB 

0.449 

1  ~  MST 

OTTTJ 

v  - 

1 

29 ,  v  POO 

from  I 

1  ahl e : 

*  0.01 , 

29,200  =  1*/ 

Since  39./  >>  1.7,  the  null  hypothesis  must  definitely  he  rejected.  If  may 
he  concluded  that  the  observed  van  ‘ion  in  transmitter  output  power  trim 
unit  to  unit  is  statistically  significant  and  at  least  two  of  the 
transmitters  do  not  come  from  the  same  population. 
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APPENDIX  E 

Statistical  Significance  Test 


on 

Output  Power  of  Failed  Transmi tters 


II  ST  f  OR  I  A I  LTD  TRANSMITTERS  HAVING  SIGNIFICANTLY  HIGHER 
POWER  OUTPUT  DURING  I AT 

(Normal  Distribution,  Unequal  Variances) 

Ret  :  Nartvolla  I1  3-36 


1)  Let  a  -  0.10,  0.06,  0.01 

2)  xA  =  1.22,  s2  -  0.  162  =  0.0256,  r>A  =  26 

xB  -  1.45,  sB  -  0.092  =  0.0081,  nR  =  2 


5)  f‘  =  3,  t^go  =  1.638,  t^95  =  2.  353,  t’<9g  =  4.541 

6)  u  =  t;  s/T.  "+~v7"  ---  o.ii6  a  o.io 

K  *  0.167  „  =  0.05 

-  0.322  a  =  0.01 


7)  xR  -  x(  1.45  -  1.22  -  0.23,  which  is  greater  than  u 

for  >  0.10  and  0.05.  Group  B  mean  is  significantly  higher 
at  a  0.05  level  of  significance. 
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DAI  A: 
r.RMip 


n 

x 

o  ~ 


Mimii  I ronsmi  1 1  or  output  power  during  !AT 
A:  I ransmi  t.t.ers  operating  normally  in  orbit.. 


E  M  ipht./S  ide 

syN 

Wat  t  s 

DA 

3-6 

1.0/ 

Dll 

3-4 

1.33 

3A 

3-7 

1.41 

311 

3-6 

1.30 

411 

3-8 

1.3/ 

bA 

3-11 

1.D1 

bll 

3-10 

1.34 

6A 

3-13 

1 . 33 

61! 

3-ID 

l.?9 

/A 

3-16 

0.96 

7B 

3-18 

1.18 

8A 

3-14 

0.  96 

811 

3-17 

1.09 

DA 

3-D  1 

1.03 

911 

3-16 

1.13 

10A 

3-19 

1.21 

1011 

3-D? 

1.07 

11A 

3-D6 

1.D3 

111! 

3 -DO 

1.23 

IDA 

3-D3 

1.3? 

1  Dll 

3-D4 

1.26 

13A 

3-34 

0.88 

1 311 

3-30 

1.63 

1411 

3-D  9 

1.35 

1‘jA 

3-33-39 

1.29 

1611 

3-3D 

1.10 

?6 

1 .  DD 
0.  16 


E-3 


R 5-? 14 -80 


Watts 


Rank 


1 1  iyht/Sicle 

4A 

14A 


S/N 

3-9 

3-25 


1.38  39 

1.51  27 

n  =  2,  x  =  1.49,  a  -  0. 09 


GROUP  C:  Transmitters  which  failed  or  had  problems  in  orbit: 


FI i ght/Side 

S/N 

Watts 

Rank 

4A 

3-Q 

1.38 

26 

14A 

3-25 

1.51 

27 

1A 

3-3 

1.59 

29 

IB 

3-2 

1.56 

28 

n  =  4,  x  =  1,51,  o  =  0.09 

Statistics  for  all  transmitters : 

Means  x  =  1.26 
Means  s  =  0.185 
Means  n  =  30 

%%  conf.  limits  on  x: 


Upper : 

x  * 

s 

A' ' 

1.26  +  1.96  — ^ 
n/30 

=  1.326 

Lower: 

*  '  Z„/2 

s 

A 

1.  194 

x  +  Is 

-  1.442, 

a  2s 

-  1.627,  t  3s  - 

1.811 

X  -  Is 

-  1.072, 

-  2s 

-  0.887,  -  3s  - 

0.  703 

t-4 


R 5-2 14 -80 


